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Lithium production in LMC young open clusters
We present the results of mid-resolution spectroscopy in the LiI 6708 A˚ spectral region of Asymptotic
Giant Branch (AGB) stars belonging to young open clusters of the Large Magellanic Cloud. Most stars
belong to the clusters NGC 1866 and NGC 2031, which have an age of ’ 150 Myr. Lithium lines of
different strength are detected in the spectra of stars evolving along the AGB, in agreement with theoretical
predictions. According to stellar evolutionary models, at the start of the AGB the stars should all show a
low residual lithium abundance as a consequence of dilution during the previous evolutionary phases. The
most luminous and cooler thermally pulsating AGB stars, if they are massive enough, once in the AGB
go first through a phase of Li destruction, which is followed by a phase of strong lithium production and
further destruction. The production of lithium on the AGB is in particular explained by the onset of the
“Hot Bottom Burning” (HBB) process. Our most conclusive results are obtained for the populous cluster
NGC 1866 where: the ‘early–AGB’ stars show a weak Li line, which can be attributed to the dilution of
the initial abundance; one of the two luminous stars seem to have completely depleted lithium, as no line is
detected; the second one shows a deep lithium line, whose strength can be explained by lithium production.
The bolometric magnitude of these stars are consistent with the values predicted by the theory, for the mass
evolving on the AGB of NGC 1866, at which lithium is first destroyed and then produced (’ −6). We
also analyze the infrared luminosities (ISOCAM data) of these stars, to discuss if their evolutionary phase
precedes or follows the lithium production stage. More intriguing and less clear results are obtained for
the most luminous stars in NGC 2031: the brightest star seems as well to have destroyed lithium, while
the second one shows a strong lithium line. However its bolometric luminosity –derived from the near–IR
photometry, is much lower (’ −5.2 0.15) than that expected from HBB models. Although low luminosity
lithium rich AGB stars are also known, whose appearance is attributed to non–canonical mixing processes,
it is not clear why two almost coeval clusters show such a different behaviour. It is also possible that this
star does not belong to NGC 2031. Finally we suggest the observational tests that could shed further light
on this matter.
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Introduction The evolution of lithium in intermediate mass stars is a powerful probe of the convective
envelope conditions. In particular, during the Asymptotic Giant Branch (AGB) phase in stars of mass
large enough for the Hot Bottom Burning (HBB) process to occur, the lithium abundance has a complex
behaviour, whose knowledge can shed light on the efficiency of convection and on the occurrence of convective
overshooting in the preceding phases. The most suitable targets for such a study are the relatively massive
and thermally pulsating (TP) AGB stars in (young) clusters, whose mass can, in principle, be derived by
fitting the cluster color-magnitude diagram. The need for a relatively well populated AGB naturally favors
the choice of young clusters in the Large Magellanic Cloud.
We carried out, therefore, an observing program to explore the lithium abundance in the TP–AGB phase
of stars belonging to four Large Magellanic Cloud open clusters and whose initial mass was determined by
fitting the morphology of the color-magnitude diagram (CMD), turnoff included. We obtained mid-resolution
spectra of several stars in NGC 1866 and NGC 2031 (which have ages ’ 150 Myr), ofonestarintheyounger(’
100 Myrold)clusterNGC2214andofonestarintheolderNGC2107(’ 250 Myr)[e.g.][]corsi94, girardi95.Themostluminous(th
−AGBscandidates.AdditionalstarswereselectedinNGC1866andNGC2031, asgoodcandidatesforthe‘early−
−AGB0phaseofevolutiononthebaseofourownnearIRphotometry.
We looked for and derived the strength of the lithium line at λ = 6707.8A˚, andexploreditsdependenceontheAGBluminosi
1
resolutionspectraalreadyprovideinterestingresults.
In the next Sections we present the theoretical background of our project (Sect. 2), the criteria for
cluster and target selection (Sect. 3), the observations and data reduction (Sect. 4), the analysis of the
lithium abundance (Sect. 5) and its theoretical implications (Sect. 6), the analysis of the evolutionary stage
represented by the selected stars (Sect. 7), and the final discussion and conclusions (Sect. 8).
Theoretical background
The term ‘Hot Bottom Burning’ (HBB) refers to nuclear processing that can take place at the bottom
of the convective envelope of massive Asymptotic Giant Branch (AGB) stars during the TP phase. The
observations of these stars in the Magellanic Cloud fields smith89,smith90,plez93,smith95 reveal that the
most luminous AGB stars are lithium rich. That is indeed satisfactorily explained by the theoretical models
including HBB.
During the giant phase preceding the AGB, lithium is depleted by convective dilution. Therefore,
if we find on the TP-AGB an abundance much higher than the residual from the preceding phases, we
can safely conclude that lithium is manufactured ‘in situ’. Both the computations performed by con-
sidering only envelope models sackmann74 and those of complete evolutionary models sackmann92 show
that a temporary enhancement of the lithium abundance in the atmosphere — in agreement with the
previously mentioned observations — can be achieved through the chain [][3]He+[][4]He ! [][7]Be !
[][7]Li, providedthatthemixingisanon−instantaneousprocesscameron71.Theoccurrenceofnuclearburningatthebottomofthe
0.26andZ = 0.01.
The lithium evolution in the AGB can be sketched as a sequence of four different phases: i) at the begin-
ning of the AGB, the stellar photosphere has a residual lithium content that is a remnant from a previous con-
vective dilution phase; ii) lithium is totally destroyed when the temperature at the bottom of the envelope in-
creases above 10 7 K; iii)lateron, productionviatheCameron−−Fowlermechanismproceedsandahighlithiumabundanceisrea
105yr, lithiumisdepletedagain, asaconsequenceoftheexhaustionof3Heintheconvectiveenvelope.Thestellarmassis, atthissta
210−5yr−1, and the carbon oxygen core mass is 0.82 . The evolution will last about 5 104yrlonger, untilthewholeenvelopeis
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[] The evolution of the bolometric magnitude (bottom curve, scale on the right) and of the lithium abundance
(top curve, scale on the left) during the TP phase for a 4 with Z=0.01 ventura99. The vertical lines indicate
the possible evolutionary phase of the two most luminous AGB stars in NGC 1866. fig1
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